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Abstract 
Agile approaches formally appeared ten years ago and nowadays are a valid alternative for 
organizations developing software. Agile methodologies are especially interesting to those 
developing Web environments applications, as they can fit properly the special characteristics 
of this type of developments. In addition, maturity models like CMMI-DEV (Capability 
Maturity Model Integration for Development) focus on assessing the maturity level of 
organizations developing or acquiring software. These models are well established and can 
increment quality of development processes to enhance costumers’ satisfaction. CMMI-DEV 
level 3 provides a good compromise on maturity gained and effort needed. The feasibility of 
getting it through a combination of Agile methods can be very useful to organizations 
developing systems in Web environments, as they can keep the adaptability of Agile together 
with a more mature development process. This paper proposes a set of Agile methods so as to 
reach all CMMI-DEV maturity level 3 generic and specific goals. Based on this analysis, the 
paper proposes further research lines. 
Keywords: Agile, Scrum, Web Engineering, CMMI, Software Engineering. 
1. Introduction  
CMMI-DEV (Capability Maturity Model Integration for Development) is part of CMMI 
(Capability Maturity Model) family. This maturity model provides a comparative framework 
to assess the maturity level that organizations can reach when developing or acquiring software 
solutions [10]. It is assumed that the fact of achieving the different CMMI maturity levels is 
related to product quality improvements [21] and more than 5.000 companies are using CMMI 
all over the world [9]. Besides, Web-based developments have special characteristics that 
differentiate them from classical development projects, such as a complex navigational 
structure; critical interface requirements, (such as unknown users or availability, among others); 
security aspects; increase on maintenance efficiency, avoiding downtimes; delivery as soon as 
possible; reduction of “time-to-market” and adaptation to quick-changing requirements [5, 15, 
37].  Some of these characteristics, for instance, reducing “time-to-market” or quickly 
adaptation to undefined requirements, are becoming more and more important in Web projects 
[36]. As it is known, one of the principles of Agile approaches is to embrace changes [5], thus 
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Agile approaches offer a suitable framework for the exposed Web development characteristics 
[37], such as quick response to changes, adaptability and reduction of development time [8, 9].  
In addition, classical approaches regarding up-front requirements gathering demands a stable 
environment. This is not the case of Web projects, where requirements are constantly changing. 
The incremental and iterative way of processing requirements provided by Agile [17] may 
better fit this particular case. In the last years, a growing trend can be observed in the use of 
Agile, including major companies like Microsoft, Amazon or Yahoo. This trend is also 
observed in Web environments [1]. However, the more Web applications are becoming popular, 
the more their quality requirements are increasing. As mentioned, higher levels of CMMI-DEV 
maturity model are associated with quality improvements. Thereby, the usage of Agile methods 
to achieve the proposed goals of CMMI-DEV maturity levels could offer organizations 
developing Web environments the possibility of combining quality and maturity levels with the 
ability to respond to changes, even when sometimes both approaches, Agile and CMMI, have 
been regarded as opposite; as both include valid principles for software development that are 
not necessarily incompatible [20]. In particular, CMMI-DEV level 3 can present a good 
compromise between CMMI formalism and Agile adaptability [13, 28]. Based on the foregoing, 
this work identifies the following objectives: map a set of Agile practices with CMMI-DEV 
level 3 goals; take out the relevant conclusions and identify the future lines of research. For this 
purpose, this paper is organized into the following sections: after this introduction, Section 2 
offers an overview of Agile and CMMI and Section 3 summarizes the related work. Section 4 
presents a detailed mapping between the identified Agile practices to CMMI-DEV level 3 
specific and generic goals. Finally, Section 5 states the main conclusions and further lines of 
research. 
2. Overview of Agile Methodologies and CMMI-DEV 
2.1. Agile Methodologies 
Agile is a label which groups a set of different methodologies and techniques that appeared in 
software development during the last decade of the 20th century, as an evolution of the 
previously existent iterative and incremental approaches. The main goals of these practices 
were, firstly, to ensure that valuable results were delivered to customers and users as soon as 
possible, and lastly, to allow development organizations to adapt easily their products to users’ 
changing requirements. All of these approaches shared the values and principles stated in the 
“Agile Manifesto” [5]: collaboration between development team and business, quick response 
to changes even in late phases of development, short feedback cycles, early delivery of value 
or focus on technical excellence. Some of the most popular Agile approaches are: Scrum [42], 
eXtreme Programming (XP) [6] or Lean Software Development [35]. However, Scrum is, by 
far, the most common Agile method, which is used either alone or combined with other Agile 
techniques [34].  
2.2. CMMI-DEV 
The Capability Maturity Model Integration is an approach to process improvements for 
organizations to develop effective processes [10]. CMMI includes CMMI-DEV, the maturity 
model for organizations building or acquiring software, whose current version is 1.3 [10]. This 
updated version includes a set of practices in twenty-two process areas, and it is structured into 
levels in order to help organizations better their development processes. The model 
recommends two representations, named Continuous and Staged respectively, that depict 
different improvement paths for organizations. Our work will be based on the Staged 
representation, which focuses on the global maturity level of an organization considering it a 
way of characterizing its performance. In the Staged representation the organization improves 
a subset of processes in each of the maturity levels, preparing them to the next one. Five 
maturity levels are defined in this type of representation: Initial, Managed, Defined, 
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Quantitative Managed and Optimized, and Table 1 shows the set of CMMI-DEV level 3 process 
areas in the Staged representation: 
Table 1. CMMI-DEV maturity level 3 process areas. 
Process Area Category Process Area Category 
Decision Analysis and Resolution (DAR) Support Requirements Development 
(RD) 
Engineering 
Integrated Project Management (IPM) Project Mgmt Risk Management (RSKM) Project Mgmt 
Organizational Process Definition (OPD) Process Mgmt Technical Solution (TS) Engineering 
Organizational Process Focus (OPF) Process Mgmt Validation (VAL) Engineering 
Organizational Training (OT) Process Mgmt Verification (VER) Engineering 
Product Integration (PI) Engineering   
3. Related Works 
This section presents in detail the existing related works on this topic, considering any approach, 
coming from Agile world trying to incorporate values from CMMI, or vice versa. We have paid 
special attention to studies focusing on Web environments. As a result, we have found 
approaches like the ones by Morales et al. [32], Jakobsen et al. [24, 25], Sutherland et al. [20] 
and Maller et al. [29], describing how different organizations with a strong CMMI culture 
incorporate Agile practices (like Scrum, XP, Lean or TDD) in their development processes. 
These studies have some common patterns: They have the form of case studies, analyze 
organizations already being assessed in higher levels of CMMI, present a slightly detailed high-
level mapping between Agile practices and CMMI goals and all focus on general development 
processes, without including Web development particularities. The main gap of such literature 
is that authors explain in general terms, how an already CMMI-assessed organization 
incorporates Agile practices. Nevertheless, they neither describe how an organization can 
progress through CMMI levels using Agile practices nor how to map Agile practices with 
CMMI goals (even if some of them cope with the latter briefly). We have also found works 
where the process of Agile organizations starting with formal assessments on different CMMI 
maturity levels is described, like these by Cohan et al. [11], Baker [3, 4], Garzas et al. [19] and 
Bon et al. [8]. These papers present some case studies dealing with how companies using Scrum 
or XP successfully went through a formal CMMI assessment. In Garzas’ paper, only CMMI 
level 2 is assessed against Scrum, without analyzing maturity level 3 goals. The remaining 
papers are centered on the preparation of the assessment process and not on describing the 
mapping between the different practices and goals, which either is not presented or it is done at 
a very high-level. These papers also point to general software development processes, without 
including Web projects peculiarities. In contrast, Miller et al. [31] present a case study 
regarding how a company started with an Agile software development implementation based 
on Scrum methodology and a formal assessment process at CMMI maturity level 2 at the same 
time. This approach analyzes the problem from the general development perspective by 
presenting the mapping in a non-detailed way, only studiyng maturity level 2 goals. As the 
progress on CMMI-DEV level is linked to quality improvements [21], our work extends the 
analysis to maturity level 3.  
In addition, a set of theoretical works has been gathered, like those by Lukasiewicz et al. 
[28], Zang et al. [44], Marçal et al. [30], Omran et al. [33] and Díaz et al. [16]. These studies 
introduce a mapping between a certain set of Agile practices (mainly Scrum or a variation of 
Scrum) and the goals of a certain CMMI maturity level. Lukasiewicz’s work introduces a 
mapping between Scrum and some process areas of CMMI levels 2 and 3. Then, a variation of 
Scrum is proposed to fill in the gaps. Nevertheless, it focuses on generic developments, without 
taking into account Web specificities and without covering all process areas. Marçal’s work 
analyzes the mapping between Scrum and CMMI project management process areas of maturity 
levels 2, 3 and 4, but there is no proposal on how to fill in the identified gaps. Díaz maps Scrum 
and CMMI level 2 also from a theoretical point of view, but only covering some process areas, 
without considering Web specificities, neither. In contrast, we propose a mapping for the full 
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set of process areas of CMMI-DEV level 3, not only using Scrum, but also some other Agile 
practices and methods that can cope with Web projects particularities. 
As a conclusion, we can state that there is no work proposing a full mapping between a set 
of Agile practices and methods and all CMMI-DEV maturity levels 2 and 3 process areas that 
considers Web projects particularities, with the exception of our previous work [43]. It analyzes 
the mapping between Scrum and the full set of CMMI level 2 process areas for Web 
development environments, as well as recommends a set of Agile practices to fill the identified 
gaps, by proposing an Agile framework to reach all level 2 goals. This is the only work focusing 
on Web projects. Therefore we can consider it to be the starting point for this study. The 
conclusions of this previous work allows extending our study to all CMMI-DEV level 3 process 
areas by intending to map a different set of Agile practices (not limited to Scrum practices) to 
all specific and generic goals of all CMMI maturity level 3 process areas, taking into account 
Web development projects characteristics. 
4. Mapping Proposal 
As previously mentioned, our work [43] recommended a set of Agile practices covering all 
specific and generic goals of CMMI-DEV level 2 process areas. In this section we offer a 
mapping between a set of Agile practices and CMMI-DEV maturity level 3 specific and generic 
goals for Web development projects. This mapping proposal has been designed by analyzing 
the description of each one of the process areas goals and its proposed practices, to later 
matching them with the description of the Agile practices and techniques provided in the 
literature. 
4.1. Specific Goals 
Table 2 summarizes the proposal for CMMI-DEV maturity level 3 specific goals: 
Table 2. Results for CMMI-DEV maturity level 3 generic goals. 
P. A. Goal Proposed Agile techniques 
D
A
R 
SG 1 Evaluate Alternatives 
DAR supports the analysis of possible decision-making processes using a 
formal evaluation procedure. At a project level, the process of identifying, 
evaluating and selecting alternatives can be performed by means of the  
Highsmith’s techniques in the “Envisioning” phase of his Agile Project 
Management approach [22]. This phase will allow assessing the feasibility 
of projects systematically, identifying their scope and budget, prioritizing 
them in terms of value and planning them at a high level in liaison with 
the project’s stakeholders. The set of practices included in this phase 
would cover the six specific practices of this specific goal. 
IP
M
 
SG 1 Use the Project’s 
Defined Process 
The goal of IPM is to manage the project involving stakeholders in it. 
Scrum [42] is suggested as the basis to achieve the goals of this process 
area, covering at least three SG2 specific practices. Using Schwaber’s 
approach to implement Scrum at enterprise level [39], which would allow 
institutionalizing Scrum as an organization standard process, is proposed 
in order to cope with seven SG1 specific practices.  
SG 2 Coordinate and 
Collaborate with Relevant 
Stakeholders 
O
PD
 
SG 1 Establish Organizational 
Process Assets 
OPD aims to establish and maintain a usable set of organizational process 
assets, work environment standards, and rules and guidelines for teams. 
Using Schwaber’s process [39] to implement Scrum at enterprise level can 
be useful to cover the first three specific practices, although there are no 
particular Agile practices to establish processes at organization level. 
Besides, at this level, the establishment of ground rules for the teams and 
“definitions of done” [42], as prescribed by Scrum, can be useful so as to 
establish the organization work standards, covering 6 and 7 specific 
practices. The extension to Scrum proposed by our previous work [43] can 
be also applied to the organization measurement repository, allowing 
tackling 4 and 5 specific practices. 
O P F SG 1 Determine Process Improvement Opportunities 
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SG 2 Plan and Implement 
Process Actions 
OPF focuses on planning, implementing and deploying organizational 
process improvements. The Agile field providing support to the goals of 
this process area can be Lean Software Development, including: 
- Agile retrospectives at project and enterprise level [14, 35] for SG1 
and SG2 specific practices. 
- Process improvement workshops [26] for SG 2 and SG3 specific 
practices. 
SG 3 Deploy Organizational 
Process Assets and 
Incorporate Experiences 
O
T 
SG 1 Establish an 
Organizational Training 
Capability 
OT deals with developing the team’s skills and knowledge. An 
organizational training plan should be implemented with “Amplify 
learning” practice of Lean Software Development [35] to achieve this 
goal. Reducing feedback and learning cycles and working on iterations 
will suit Web development characteristics properly and allow covering the 
seven specific practices of the two goals 
SG 2 Provide Training 
PI
 
SG 1 Prepare for Product 
Integration 
PI’s goal concerns to ensemble the final product. Web development 
demands reducing “time-to-market” as much as possible. Agile practices 
below can be implemented in order to achieve this goal together with that 
of this process area: 
- Continuous Integration [6], which will cover 1 and 2 specific goals 
practices. 
- Continuous Delivery [23], which will also cover 3 specific goal 
practices. 
SG 2 Ensure Interface 
Compatibility 
SG 3 Assemble Product 
Components and Deliver the 
Product 
RD
 
SG 1 Develop Customer 
Requirements 
RD is about eliciting and analyzing requirements. As requirements in Web 
environments are not often clear at the beginning of the project, the idea 
is to include user stories [12] combined with other techniques, such as 
Personas [38] and Storyboards [38], as elements of Scrum Product 
Backlog [42] that will evolve through the project. This approach will 
cover specific SG1 and SG2 practices. The use of Scrum framework to 
elicit, define, build and validate requirements in projects Sprints will 
guarantee that the rest of the specific practices will be covered. 
SG 2 Develop Product 
Requirements 
SG 3 Analyze and Validate 
Requirements 
RS
K
M
 
SG 1 Prepare for Risk 
Management 
RSKM has the goal of identifying potential problems and mitigate their 
adverse consequences. Even thought Risk Management is not a field 
deeply developed in Agile, the following techniques can be used along 
with Scrum process to manage Web projects risks: 
- Agile Risk Management [27], to cover SG 1 specific practices. 
- Risk Burn-down charts [13], for SG2 and SG3 specific practices. 
SG 2 Identify and Analyze 
Risks 
SG 3 Mitigate Risks 
TS
 
SG 1 Select Product 
Component Solutions 
TS copes with selecting, designing and implementing solutions to 
requirements. As Web developments are characterized by short feedback 
cycles and fuzzy requirements, the use of the following practices will fit 
both, the goal of this process area and Web projects needs: 
- Spike Solutions [40] and Exploratory testing [40] for SG 1 practices. 
- Simple Design [40] and Incremental Design and Architecture [40], 
for SG2 and SG3 practices. 
SG 2 Develop the Design 
SG 3 Implement the Product 
Design 
V
A
L 
SG 1 Prepare for Validation 
VAR deals with ensuring that the team builds “the right product”. As 
mentioned, unknown and changing requirements characterize Web 
developments. Thus, in this case, Agile test practices might be quite 
useful. The proposed practices to achieve the process area goals are 
ATDD (Acceptance Test Driven Development) or “Specification by 
example” [2], which will cover all SG1 and SG2 practices. 
SG 2 Validate Product or 
Product Components 
V
ER
 
SG 1 Prepare for Verification VER ensures that the team builds “the product the right way”. There are 
several testing techniques that help achieve the goals of this process area, 
most of them coming from XP: 
- Continuous integration [6] for SG1 practices. 
- Pair programming [6] for SG2 practices. 
- Test-Driven Development [7] for SG1 and SG3 practices. 
SG 2 Perform Peer Reviews 
SG 3 Verify Selected Work 
Products 
4.2. Generic Goals 
Table 3 presents the proposed set of Agile methods in relation to CMMI level 3 generic goals. 
Table 3. Results for CMMI-DEV maturity level 3 generic goals. 
Generic goal Comments 
GG1 Achieve Specific 
Goals 
The aforementioned set of Agile practices will ensure meeting this goal by achieving 
the specific goals of each process area. 
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GG2 Institutionalize a 
Managed Process 
This goal is linked to setting a management process for the defined development 
process. Establishing practices at organization level by means of the techniques 
proposed for IPM and OPD process areas will enable completing this goal. 
GG3 Institutionalize a 
Defined Process 
This objective is linked to establishing a process at organization level, which can be 
adapted to each particular project. Agile practices proposed for IPM and OPD process 
areas will also be used to achieve this generic goal.  
5. Conclusions and Future Work 
To conclude, it must be stated that a combination of different Agile techniques could be used 
to achieve all CMMI-DEV maturity level 3 generic and specific goals in a Web development 
environment. In this case, the approach is based on using Scrum framework in order to manage 
and guide the project. Scrum process provides an iterative and incremental framework to build 
products, although it should be implemented at enterprise level, in order to allow 
institutionalizing the process and build an enterprise-wide assets repository, which is tailored-
made for each individual project. This set of practices covers mainly IPM and RD process areas. 
The process proposed to deploy Scrum at enterprise level can also be useful for OPD process 
area. A set of technical practices together with Scrum must be implemented to achieve 
engineering process areas goals. These practices come from XP and early testing worlds, such 
as continuous integration and delivery, pair programming, incremental design and spikes, 
specification by example and Test Driven Development, among others.  Such practices cover 
PI, TS, VAL and VER. On the top of Scrum and along with technical practices, some other 
Agile methods help organizations reach CMMI-DEV maturity level 3: Continuous 
improvement and organizational learning coming from the Lean Software Development context 
to cover OPF and OT goals; Agile Risk Management approach and its set of tools to cover 
RSKM and Agile Project Management envisioning phase, in order to support the decision 
making process in an Agile way to cover DAR goals.  
As it has been highlighted, this proposal is fully compatible with our proposal issued for 
CMMI-DEV level 2 in Web environments. Thus, the implementation of this set of practices 
will make an organization progress step by step through CMMI-DEV model, increasing its 
process maturity, but keeping its Agility.  
A future line of work could consist in formalizing and integrating the proposed techniques 
in a consistent framework, as well as keeping the identification of Agile practices, 
methodologies and techniques that together can allow organizations producing Web 
developments to achieve the higher levels of CMMI-DEV model goals (4 and 5). Merging this 
set of practices with the already identified set for levels 2 and 3 will allow the definition of this 
consistent framework that will help in the process of institutionalizing Agile practices for Web 
development in a continuous improvement environment assessed by a widespread model like 
CMMI-DEV. As NDT [18] is a well-established Web development methodology, compatible 
with Agile lifecycles, we have realized that proposing one alternative, named Agile-NDT, will 
enable reaching the aforementioned goals. Finally, evaluating the model in a real-life 
implementation through a formal assessment or a self-assessment will be required in order to 
validate the proposals included in our work. 
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